Summary. Experimental studies have shown that the myogenic stem cells in birds migrate from the somite into the lateral plate mesoderm, where they later differentiate into muscle cells. Muscles being made up of myocytes and connective tissue cells, the interactions between these two types of cells of different embryological origins have been considered during the development of the musculature. In particular, our purpose was to focus on the genesis of the spatial organization of the musculature ; we have taken advantage in this field of research of an embryological muscular dysgenesis in which the muscles lose their patterning.
Introduction.
The question of the origin and development of the musculature in tetrapods has been a longstanding problem (Fischel, 1895) . During the last decades, this problem gained new interest due to several groups of investigators, who mostly used the avian limb as an experimental model, because of the relative ease with which microsurgery can be performed in avian embryos.
This review deals with two problems related to muscle development : 1 ) the specification of the muscle cells themselves, 2) the pattern formation, i.e., the process whereby the spatial organization and differentiation of the myogenic cells are achieved.
Specification of the muscle cells.
While it has been well established that, in the limbs, the skeleton and the dermis arise from the somatopleural mesoderm, it was not clear whether the musculature is of somatopleural or somitic origin. Historically there have been two different views on the nature of the cell population of the early limb bud. For some (Caplan and Koutroupas, 1973) (Chevallier et al., 1976 ; Christ et al., 1974) . It demonstrated that the muscle cells are derived from the somites and that they constitute a cell line different from those of other limb bud cells (Kieny, 1980) . Because (Chevallier, 1978 ; Jacob et al., 1978) and at stage 16 HH in the leg region (Jacob et al., 1979 (Chevallier et al, 1976 (Chevallier et al, , 1977 . Thus, all precursor muscle cells contained in the somites and even in the somitomeres (Noden, 1986) are equivalent along the cephalocaudal axis. In this respect they are unlike the sclerotomal and dermatomal components of the somite (Kieny et al, 1972 .
Finally, the connective tissue cells are not only responsible for the spatial region-specific organization of the muscles, but they also control the course of the differentiation of the muscle cells. Indeed, the differentiation of quail multinucleated myocytes among chick endo-and perimysial fibroblasts evolve in accordance with chick timing (Armand et al., 1983 ).
Defects in muscle development.
In order to gain more insight into the mechanisms by which non-muscle cells control the process of muscle patterning, we investigated the embryology of a muscular disorder in fowl, the recessive crooked neck dwarf (cn/cn) mutation that is lethal in homozygous conditions (Asmundson, 1945) . A developmental analysis of the lower leg musculature of the siblings, where hypoplasia was particularly conspicuous, revealed that, up to 7 days of incubation, the splitting programme proceeded normally, i.e. in the same way as in a normal strain (Pautou etal., 1982) . But thereafter, in about 25 % of the siblings, the already individuated muscles fused into a single mass. Fusion proceeded in a well-ordered and constant sequence , starting at 7.5 days in the central area of the posterior muscles ( fig. 3a, b) and progressively involving the other posterior and anterior muscles ( fig. 3h, i) fig. 4a, b, c) ; they progressively disappeared through a dislocation of their interstitial collagen fibres. In the fused muscles, the epi-(compare fig. 4d Mauger et al., 1984) .
Ultrastructural study. -Abnormalities have been detected in wing, leg and breast muscles of every phenotypically mutant embryo, i.e. in muscles derived from the segmenting somitic mesoderm (Kieny et al., 1988a) (fig. 5a, b, c, e) . More recent observations show that head muscles [tongue ( fig. 5f, g ) and jaw ( fig. d) fig. 5) . Dilatation of the sarcotubular system, partial loss and ill-alignment of the contractile elements and malorganization of the myofibrils were the major anomalies observed from day 7.5 to 18 of incubation. Cell death was a relatively rare event before 18 days in ovo, but at day 20, it included over the whole population of skeletal muscle cells, as well as satellite cells. The ultrastructural changes did not constitute an abrupt phenomenon. Normal and diseased multinucleated cells always coexisted in the same muscle specimen. It is obvious that, at 7.5 days, only a minority of cells involved in cross striations was pathological. However, as development proceeded, the frequency of the diseased cells increased, and also the extent of malformations in any particular myotube enlarged.
As, at the time when they can be first recognized as belonging to a cn/cn embryo, all the myoblasts and the majority of the myotubes or portions of myotubes had a morphologically normal appearance, one can assume that precocious myogenesis was not impaired. According to classical histological images, the differentiation of the myoblasts into the first myotubes ( fig. 3c, d) . 
